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ABSTRACT
The coliform group of bacteria is widely used as an indicator of pollution related to the presence of patho-
genic bacteria linked to fecal contamination, which poses great health risk. This study aimed to estab-
lish baseline information on the coliform contamination in water and fishery resources in Manila Bay 
aquaculture farms. Water samples and major aquaculture commodities were collected twice per sea-
son from representative aquafarms in the coastal provinces of the bay and were analyzed for total co-
liform (TC), fecal coliform (FC), and E. coli (EC) using the Multiple Tube Fermentation method of 
the Bacteriological Analytical Manual. TC, FC, and EC in water were found higher during the wet 
season, their average concentrations being 8,747, 2,808, and 1, 216 MPN/100mL, respectively; while 
those in the dry being 6,255, 1,223, and 286 MPN/100mL, respectively. More samples exceeded the 
DENR Standard Limit for TC (5,000 MPN/100mL) in the wet season than in the dry season (rough-
ly 25% vs 10%). Farmed fishery resources, on the other hand, had higher EC concentrations during 
the dry season. The following are the percentages of samples that exceeded DENR Standards: 25% of 
mussels, 24.44% of shrimps, 16% of tilapia, 14.67% of oysters, 8.89% of crabs, and 6.67% of milkfish.
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INTRODUCTION
 Coliforms are facultative anaerobic, 
gram-negative, lactose-fermenting, non-
spore-forming rods present in the environ-
ment and in the intestinal tract of humans and 
other animals in large numbers (Madigan et 
al, 2012). Widely used as an indicator of mi-
crobial contamination, the coliform group 
of bacteria includes both the pathogenic and 
non-pathogenic forms (Forsythe, 2010). 
 
 Total coliforms, which encompass bac-
teria common in soils, plants, and animals, 
including both fecal coliforms and Escherich-
ia coli, react to the natural environment and 
treatment processes similar to pathogens; the 
reason they are the primarily used indicators 
of contamination simple enough to identify 
(Treyens, 2009). Taking a closer look at the co-
liform bacteria gives an estimate of the num-
ber/concentration of pathogenic bacteria in 
the sample (Henze et al, 2008). 
 
 The US Environmental Protection 
Agency in 2012 had recommended the use of 
thermo-tolerant group of coliforms linked to 
the presence of fecal matter commonly known 
as fecal coliforms to monitor water quality 
standards. While fecal coliforms do not neces-
sarily cause illness, its presence in high num-
bers suggests higher risk of contracting dis-
ease-causing bacteria and/or viruses including 
pathogenic Escherichia coli (Oram, 2014).  The 
US Environmental Protection Agency recom-
mends the determination of Escherichia coli or 
Enterococci to further identify health risk.
 Escherichia coli, commonly known as 
E. coli, is a typically harmless bacterium natu-
rally found in the intestines of warm-blooded 
animals including humans, and plays a vital 
role in the digestion, absorption of essential 
nutrients, and production of Vitamin K and B 
(Hayhurst, 2004). Characterized by its ability
 
to utilize sugars as a source of energy, E. coli 
can live with or without oxygen (Snyder, 
2008).
 Although mutualistic with its host, 
certain E. coli strains are pathogenic and can 
cause illnesses including urinary tract infec-
tions, sepsis/meningitis, and enteric/diarrheal 
diseases in immunosuppressed hosts (Nata-
ro and Kaper, 1998). With a minimum infec-
tious dose of 104 cells and four enteroviru-
lent classes, namely Enteropathogenic E. coli 
(EPEC), Enteroaggregative E. coli (EAggEC), 
Enteroinvasive E. coli (EIEC), Enterotoxigenic 
E. coli (ETEC), and Enterohemorrhagic E. coli 
(EHEC), it can be a cause of diarrhea. Entero-
pathogenic E. coli (EPEC) causes severe diar-
rhea in infants 17-72 hours upon ingestion, 
which can last for over two weeks, resulting in 
death, if dehydration is severe. Enteroinvasive 
E. coli (EIEC), with an infectious dose of 104 to 
105 cells has symptoms similar to shigellosis 
– chills, fever, headache, muscle pain, abdom-
inal cramps, and profuse diarrhea – evident 
8-24 hours upon infection. Enterotoxigenic E. 
coli (ETEC), commonly known as traveler’s 
diarrhea has an infectious dose of 108 to 1010 
cells within 8-44 hours, causing severe diar-
rhea without fever leading to dehydration. 
Enterohemmorraghic E. coli (EHEC), causes 
bloody diarrhea, central nervous system in-
volvement in which patients develop blood 
clots  in the brain and frequently  results in 
death, and uremic  syndrome in  children, the 
leading cause of kidney failure in children, 
and may ultimately lead to death (Centers for 
Diseases Control and Prevention, 2015).
 Manila Bay is a semi-enclosed estuary 
highly regarded for its usefulness to different 
industries including aquaculture. Fish, fish 
pens, and shellfish-growing areas are wide-
spread in provinces along the bay covering an
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aquaculture area of almost 60,000 ha (Perez 
et al, 1999). According to the valuation study 
of PEMSEA (2006), 59% of Manila Bay’s cur-
rent economic value of 8.3 billion pesos is ac-
counted for by aquaculture alone. However, 
the bay is currently beset with environmen-
tal problems due to pollution. Runoffs from 
agricultural, domestic, and industrial wastes 
are concentrated in the bay area most likely 
indicating presence of pathogenic microor-
ganisms in the water as well as in the fishery 
resources therein.
 Reports on bacterial contamination in 
several parts the bay had been recorded in the 
past years. PEMSEA (2006) reported that fe-
cal coliform levels at the eastern part of Ma-
nila Bay has exceeded the criteria set by the 
Department of Environment and Natural Re-
sources (DENR DAO 34) for non-contact rec-
reation of 5,000 MPN/100mL by 150 times and 
an alarming 900 times for swimming (1,000 
MPN/100mL). The western side of the bay 
where values were much lower than those at 
the eastern side, also failed the criteria occa-
sionally. In addition, shellfish collected from 
Bulacan, Bacoor, Kawit, Naic, and Parañaque 
exceeded the European Union Guideline for 
fecal coliform of 300 MPN/100g by 1.3 to 2, 667 
times, or 52 times on average. In 2014, Parco re-
ported that fecal coliform levels of more than 
100,000 MPN/100mL, have greatly exceeded 
the DENR Standard of 200 MPN/100mL for 
Class B Sea Water, in Manila Bay.
 The presence of pathogenic bacteria in 
the bay can affect post-harvest quality, not just 
of wild fishery resources, but also of aquacul-
ture commodities, as the water for fish farming 
is also sourced from the bay and its river trib-
utaries. Health of the consumers, therefore, is 
greatly at risk especially since people tend to 
consume more fishery resources because of its 
healthier reputation. In a report by the BFAR 
(2011), fish and fishery products consumption 
amounts to 38 kilograms per year per capita,
even higher than the consumption of meat 
products, which only amounts to 22 kilo-
grams per year per capita.  However, few 
studies have been done to assess the microbi-
al levels of aquaculture commodities as well 
as the water where it is farmed. In fact, gaps 
on the water quality standards of the Philip-
pines, given by the lack of standard limits for 
E. coli and/or Enterococci in spite of its risks, 
have been noticed.
 
 This study aims to detect and quanti-
fy coliform, fecal coliform, and Escherichia coli 
levels in water and fishery resources in aqua-
culture farms around Manila Bay. Results 
gathered will be compared with existing stan-
dards and will serve as a significant baseline 
data for the establishment of limits for fecal 
coliform and E. coli in fishery water. The study 
also intends to determine and compare the 
spatial and seasonal (wet and dry) microbial 
distribution in water and fishery resources in 
aquaculture farms around Manila Bay. 
METHODOLOGY
 The blocking strategy and sampling 
sites used in Chapter 2 were employed in this 
study. Forty-seven pre-identified aquaculture 
farms and coastal areas were sampled twice 
for each season – September and November 
2014 for the wet season, and February and 
April 2015 for the dry. River tributaries of 
the aquaculture farms were also sampled for 
comparison.
 Water samples of about 250 mL were 
collected in composite from the deepest sec-
tions of the area using an improvised water 
collector and transferred in appropriate-
ly-labeled sterile 250 mL borosilicate bottles 
containing 0.25 mL 3% sodium thiosulfate. 
Aseptic technique was observed throughout 
the collection. Samples were placed in a tem-
perature-controlled cooler kept at 0 to 4°C for
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transport. Samples were analyzed in the labo-
ratory within 6 hours from the time of collec-
tion (APHA, AWWA, and WEF, 1999).
 Freshly harvested fish and shellfish 
samples of at least 500 grams per species 
were put separately into appropriately-la-
beled sterile re-sealable polyethylene bags 
and placed in a temperature-controlled cooler 
kept at 0°C to 4°C for transport. Aseptic tech-
nique was observed throughout the collec-
tion. Samples were analyzed in the laboratory 
within 24 hours from the time of collection.
 Six kinds of farmed fishery resources 
were collected from the aquaculture farms for 
the study, namely tilapia, milkfish, shrimp, 
crab, mussel, and oyster. However, sample spe-
cies and number of samples collected per site 
were variable as sample collection was solely 
dependent on availability. Table 5.1 shows the 
summary of fishery commodities collected.
 Multiple tube fermentation method 
of analysis for total coliform, fecal coliform, 
and Escherichia coli was employed, as is recom-
mended in DAO 34 (APHA, AWWA, & WEF, 
1999; BAM, 2002). Results were interpreted 
using the Most Probable Number (MPN) table 
and expressed as MPN/g for the fish and fish-
ery resources, and MPN/100mL for the water 
samples.
 T-test was used to compare results 
for the microbiological analyses - total coli-
form, fecal coliform, and Escherichia coli – in 
pond and river for each block in each season. 
The same test was employed in determining 
significant differences in bacterial level be-
tween the wet and the dry season in each of 
the blocks. Analysis of Variance (ANOVA) 
was utilized for the comparison of results of 
each fishery commodity in different sources 
or sites during a particular season, given that 
fishery commodity was taken from more than 
two sites. Otherwise, the t-test was used. All 
values were transformed to log10 for analysis. 
Raw data were used for the summary of the 
means.
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Table 5.1. Summary of the fishery commodities collected for the study.
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RESULTS
Seasonal and spatial distribution of coliform 
bacteria in pond water and water sources
TOTAL COLIFORM
 Figures 5.1a to 5.1d show total coliform 
concentrations in Manila Bay aquaculture 
farms and coastal areas in September 2014, 
November 2014, February 2015, and April 
2015, respectively.
 Total coliform levels recorded in Sep-
tember 2014 ranged from 49 MPN/100mL to 54, 
000 MPN/100mL, highest in Calero and Taw-
iran, Eastern Bulacan and Sapang Kawayan, 
Pampanga; and lowest in Camachile, South-
ern Bataan. Thirty four percent of the samples 
collected in this month failed to meet DENR 
Standard Limit for Total Coliform Concentra-
tion for Class SC Water of 5, 000 MPN/100mL 
(DAO 34) broken down as follows: 4.55% 
in Eastern Bulacan, Western Bulacan, and 
Northern Bataan; 13.64% in Cavite; and 6.82% 
in Pampanga.
 November 2014 total coliform levels 
ranged from 6.8 MPN/100mL to 160, 000 MP-
N/100mL, the highest noted in San Antonio, 
Pampanga and the lowest in Sta. Elena, South-
ern Bataan. Sixteen percent of the samples 
collected in this month exceeded the Standard 
Limit for Total Coliform: 2.27% in Western Bu-
lacan and Southern Bataan, 6.82% in Cavite, 
and 4.55% in Pampanga. Total coliform levels 
in this month were relatively lower with 22.73% 
of the aquaculture farms within the <1.8 – 100 
MPN/100 mL range as compared to 9.09% of 
the aquaculture farms within the same range 
for September 2014. A majority of the results, 
22.73%, were within 235 – 800 MPN/100mL.
 February 2015 total coliform levels with 
only 8.51% of the results exceeded the DENR 
Standards for total coliform with a range of 
<1.8 MPN/100mL to >160, 000 MPN/100mL. 
The highest was observed in Batang 2, Pam-
panga and the lowest in Samal (Coastal Area), 
Northern Bataan. Samples that exceeded 
DENR standards were observed in Northern 
Bataan (2.12%), Cavite (2.12%), and Pampan-
ga (4.26%). Total coliform levels during this 
month were relatively lower with 34% of the 
aquaculture farms within the range of <1.8 – 
100 MPN/100mL as against only 29.55% of the 
aquaculture farms within the same interval on 
April 2015.
 Total coliform levels in April 2015 
ranged from 7.8 MPN/100mL to >160, 000 
MPN/100mL, highest noted in Capitangan, 
Northern Bataan and lowest in San Roque 
(Coastal Area), Western Bulacan. Eleven per-
cent of the collected samples failed to meet 
the DENR Standard Limit for Total Coliform: 
2.22% in Northern Bataan and 4.44% in both 
Southern Bataan and Cavite.
 To determine if total coliform concen-
trations in the ponds are significantly different 
from that of their water sources, simultaneous 
collection of samples from the water sources 
of the ponds was performed. The difference 
in the total coliform concentration in the pond 
and its river tributary or water source is indic-
ative of the flow of bacterial contamination. 
A higher total coliform concentration in the 
pond suggests that the pond may contam-
inate its river tributary, which in turn flows 
into Manila Bay, while a higher total coliform 
concentration in the river tributary or water 
source suggests otherwise. Figures 5.2 and 5.3 
show the total coliform concentrations of the 
ponds, coastal areas, and their river tributaries 
or water sources of all the blocks during the 
first and second replicates of the dry season 
(February and April 2015), respectively. As 
can be observed, total coliform concentrations 
were consistently lower in the pond than in 
their river tributaries in all the blocks in both
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Figure 5.1a. Total coliform levels in Manila Bay aquaculture farms in September 2014.
Figure 5.1b. Total coliform levels in Manila Bay aquaculture farms in November 2014.
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Figure 5.1c. Total coliform levels in Manila Bay aquaculture farms in February 2015.
Figure 5.1d. Total coliform levels in Manila Bay aquaculture farms in April 2015.
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Figure 5.2. Total coliform levels in ponds, coastal areas, and river tributaries or water sources in February   
      2015.         Coastal Area          Pond          Water Source
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Figure 5.3. Total coliform levels in ponds, coastal areas, and river tributaries or water sources in April   
      2015.         Coastal Area          Pond          Water Source
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replicates of the dry season. Comparison of 
the total coliform levels between the water 
sources and the ponds of the following areas 
showed that the former are significantly high-
er than the latter: Eastern Bulacan (p<0.01) 
and Northern Bataan (p<0.05) in February and 
April 2015; Southern Bataan (p<0.05) in Feb-
ruary 2015; and Western Bulacan, Cavite, and 
Pampanga (p<0.05) in April 2015.
FECAL COLIFORM
 Fecal coliform levels in Manila Bay 
aquaculture farms and coastal areas for Sep-
tember 2014, November 2015, February 2015, 
and April 2015 are shown in Figures 5.4a to 
5.4d, respectively.
 September 2014 fecal coliform lev-
els ranged from 11 to 49, 000 MPN/100mL, 
the highest noted in Consuelo II, Pampanga 
and lowest in Wawa, Northern Bataan and 
Camachile, Southern Bataan. Southern Bataan 
had the lowest fecal coliform concentrations 
among    the   blocks   with a mean concen-
tration of 153 MPN/100mL, while Pampanga 
with an average concentration of 14, 537 MP-
N/100mL had the highest.
 The November 2014 fecal coliform 
levels, which ranged from <1.8 MPN/100mL 
to 7, 900 MPN/100mL, highest were found in 
San Isidro II, Western Bulacan and Marulas, 
Cavite, and lowest at Wawa, Northern Bata-
an and Sta. Elena, Southern Bataan. Highest 
concentrations were in Cavite (average, 1, 936 
MPN/100mL), while the lowest were noted in 
Southern Bataan (average, 248 MPN/100mL).
 February 2015 fecal coliform in Ma-
nila Bay aquaculture farms and coastal areas 
were from <1.8 to 7, 900 MPN/100mL, high-
est in Sapang Kawayan, Pampanga and low-
est in Samal (Coastal Area), Northern Bataan, 
Camachile, Southern Bataan, and Consuelo II 
and San Antonio, Pampanga. The levels in this 
month were the lowest observed among all 
the sampling months. Lowest concentrations 
were observed in Northern Bataan (average, 
202 MPN/100mL). Highest levels were noted 
in Pampanga (average, 1, 664 MPN/100mL).
 The levels in April 2015 ranged from 
<1.8 to 54, 000 MPN/100mL, highest in Capi-
tangan, Northern Bataan and lowest in Bang-
kal Pugad, Pampanga. Those observed in 
Western Bulacan (average, 67 MPN/100mL) 
were the lowest, while the concentrations 
in Southern Bataan (average, of 3, 377 MP-
N/100mL) were the highest.
 Fecal coliform concentrations of the 
ponds, coastal areas, and the river tributaries 
or water sources of all the blocks in February 
and April 2015 are shown in Figures 5.5 and 
5.6, respectively. It should be noted that fecal 
coliform concentrations in water sources were 
consistently higher than those of ponds in all 
the blocks in both replicates of the dry season. 
A comparison of the fecal coliform levels be-
tween the water sources and the ponds of the 
following areas showed that the former were 
significantly higher than the latter in Febru-
ary 2015: Eastern Bulacan (p<0.01), Western 
Bulacan (p<0.05), Northern Bataan (p<0.01), 
Southern Bataan (p<0.05), Cavite (p<0.05), and 
Pampanga (p<0.05). On the other hand, only 
Eastern Bulacan, Northern Bataan, and Pam-
panga had significantly higher fecal coliform 
concentrations in the water sources than in 
the ponds in April 2015 (p<0.05).
Escherichia coli
 Escherichia coli concentrations in Ma-
nila Bay Aquaculture farms and coastal areas 
in September 2014, November 2014, February 
2015, and April 2015 are shown in Figures 5.7a 
to 5.7d, respectively.
 E. coli concentrations in September 
2014 (range, <1.8 to 49, 000 MPN/100mL) were
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Figure 5.4a. Fecal coliform levels in Manila Bay aquaculture farms in September 2014.
Figure 54b. Fecal coliform levels in Manila Bay aquaculture farms in November 2014.
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Figure 5.4c. Fecal coliform levels in Manila Bay aquaculture farms in February 2015.
Figure 5.4d. Fecal coliform levels in Manila Bay aquaculture farms in April 2015.
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Figure 5.5. Fecal coliform levels in ponds, coastal areas, and river tributaries or water sources in February
      2015.         Coastal Area          Pond          Water Source
Figure 5.6. Fecal coliform levels in ponds, coastal areas, and river tributaries or water sources in April 2015.  
             Coastal Area          Pond          Water Source
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highest in Consuelo II, Pampanga and lowest 
in San Agustin, Western Bulacan. Those of this 
month were the highest E. coli levels among 
the sampling months. Of the blocks sampled, 
Southern Bataan had the lowest levels (av-
erage, 18 MPN/100mL) while Cavite had the 
highest (average, 8, 341 MPN/100mL).
 The November 2014 E. coli concentra-
tions ranged from <1.8 to 4, 900 MPN/100mL, 
the highest recorded in Bangkal Sinubli, Pam-
panga and the lowest in Sta. Elena, Southern 
Bataan. Southern Bataan had the lowest (av-
erage, 58 MPN/100mL), while Pampanga had 
the highest (average, 772 MPN/100mL).
 In February 2015, the range  was <1.8 
to 7, 900 MPN/100mL, highest in Sapang 
Kawayan, Pampanga and lowest in Tawiran, 
Eastern Bulacan, Samal (Coastal Area) and 
Ibaba, Northern Bataan, Camachile, Southern 
Bataan, and Consuelo II and San Antonio, Pam-
panga. E. coli levels during this month were 
the lowest among all the sampling periods. 
Western Bulacan (average, 12 MPN/100mL) 
had the lowest E. coli concentrations among 
the blocks, while Pampanga had the highest 
levels (average, 1, 489 MPN/100mL).
 April 2015 E. coli levels ranged from 
<1.8 to 4, 700 MPN/100mL, lowest in Tawiran, 
Eastern Bulacan and Bangkal Pugad, Pam-
panga and highest in Capitangan, Northern 
Bataan. Lowest levels were observed in West-
ern Bulacan (average, 40 MPN/100 mL), while 
highest were noted in Southern Bataan (aver-
age, 487 MPN/100mL).
 Figures 5.8 and 5.9 show the E. coli con-
centrations of the ponds, coastal areas, and 
their river tributaries or water sources of all 
the blocks during the first and second repli-
cates of the dry season (February and April 
2015), respectively. It can be seen in the fig-
ures that E. coli concentrations in the water 
sources were consistently higher than those in 
ponds in all the blocks in February and April 
2015. Comparison of the E. coli levels between 
the water sources and the ponds of the follow-
ing areas showed that the former were signifi-
cantly higher than the latter in February 2015: 
Eastern Bulacan, Western Bulacan, Northern 
Bataan, and Pampanga (p<0.01), and South-
ern Bataan (p<0.05). In contrast, only Pampan-
ga was found to have significantly higher E. 
coli level in the water source than the pond in 
April 2015 (p<0.05).
Seasonal distribution of coliform bacteria in 
farmed fishery resources
E. coli IN FINFISH
 Results for the E. coli levels in the fin-
fish samples collected are reflected in Figures 
5.10, 5.11, 5.12, and 5.13. 
 
 E. coli concentrations in September and 
November 2015 ranged from 3 MPN/g  to  75 
MPN/g  with the  highest  recorded  in  milk-
fish  sample  collected  from  Batang 2, Pam-
panga (Fig. 5.10 & 5.12). Twelve out of 110 
finfish samples or 10.91% exceeded the FDA 
Standard Limit for Fishes of 11 MPN/g. Of the 
70 milkfish samples collected, 8.57% (all sam-
ples collected from Pampanga) failed to meet 
FDA Standard Limit, while 15% (6/40) of the 
tilapia samples (both 2.5% from Western Bula-
can and Cavite, and 10% from Pampanga) had 
E. coli levels greater than 11 MPN/g. 
 
 On contrary, all milkfish samples col-
lected in February and April 2015 conformed 
with the FDA Standard Limit for E. coli con-
centration in finfish of 11 MPN/g, while 
17.14% of the tilapia samples failed to meet 
FDA Standard Limit (Fig. 5.11 & 5.13). E. coli 
levels during this sampling period ranged 
from <3 to 23 MPN/g, with the maximum val-
ue observed in tilapia samples collected from 
Batang 2 and Mani-ano, Pampanga.
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Figure 5.7a. E. coli levels in Manila Bay aquaculture farms in September 2014.
Figure 5.7b. E. coli levels in Manila Bay aquaculture farms in November 2014.
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Figure 5.7c. E. coli levels in Manila Bay aquaculture farms in February 2015.
Figure 5.7d. E. coli levels in Manila Bay aquaculture farms in April 2015.
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Figure 5.8. E. coli levels in ponds, coastal areas, and river tributaries or water sources in February 2015.
             Coastal Area          Pond          Water Source
Figure 5.9. E. coli levels in ponds, coastal areas, and river tributaries or water sources in April 2015.
             Coastal Area          Pond          Water Source
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Figure 5.10. E. coli levels in milkfish samples collected from aquaculture farms along Manila Bay in September 
        and November 2014. 
Figure 5.11. E. coli levels in milkfish samples collected from aquaculture farms along Manila Bay in February 
        and April 2015. 114
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Figure 5.12. E. coli levels in tilapia samples collected from aquaculture farms along Manila Bay in September 
        and November 2014.  
Figure 5.13. E. coli levels in tilapia samples collected from aquaculture farms along Manila Bay in February  
        and April 2014.  
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E. coli IN CRUSTACEAN
 Results for the E. coli levels in the crus-
tacean samples collected are reflected in Fig-
ures 5.14, 5.15, 5.16 and 5.17. 
 
 E. coli levels in September and Novem-
ber 2014 ranged from <3 MPN/g to 120 MPN/g; 
the highest value noted in shrimp sample col-
lected from Tawiran, Eastern Bulacan, where 
three out of five samples collected in the site 
failed to meet the FDA Standard Limit for E. 
coli concentration in crustaceans of 11 MPN/g 
(Fig. 5.14 & 5.16). Out of the 40 samples col-
lected, a total of 7 crustacean samples (17.5%) 
– 4 shrimp and 3 crab samples – exceeded the 
FDA Standard Limit. Four out of 20 (20%) 
shrimp samples – 15% from Tawiran, Eastern 
Bulacan and 5% from Consuelo II, Pampanga 
– failed to meet this limit, while only 15% of 
the crab samples (10% from San Agustin and 
5% from Sta. Cruz, both from Western Bula-
can) had E. coli levels greater than 11 MPN/g.
 On the other hand, 28% of the shrimp 
samples in February and April 2015 failed to 
meet the FDA Standard Limit (8% from Binu-
angan, Eastern Bulacan (CA) and 20% or 5/5 
from Bangkal Sinubli, Pampanga); while 4% 
of the crab samples (collected from Bangkal 
Sinubli, Pampanga) exceeded the standard 
(Fig. 5.15 & 5.17). E. coli levels in February and 
April 2015 ranged from <3 MPN/g to 240 MP-
N/g, with maximum value recorded in shrimp 
sample from Bangkal Sinubli, Pampanga.
E. coli IN BIVALVES
 Results for the E. coli levels in the bi-
valve samples are reflected in Figures 5.18, 
5.19, 5.20, and 5.21. 
 Of the 35 oyster samples collected in 
September and November 2014, four (11.43%) 
exceeded the FDA Standard Limit for E. coli
concentration in bivalves of 16 MPN/g (5.71% 
from Pamarawan, Eastern Bulacan, 2.86% in 
both Bacoor Bay and Bucana, Cavite) (Fig. 
5.18). On the other hand, 15% of the mussel 
samples collected (all samples from Bacoor, 
Cavite) failed to meet the FDA Standard Lim-
it for bivalves (Fig. 5.20). E. coli levels in the 
samples collected in September and Novem-
ber 2014 ranged from <3 MPN/g to 1, 100 MP-
N/g with the highest value observed in oyster 
samples collected from Pamarawan, Eastern 
Bulacan.
 On the contrary, 17.5% of the oyster 
samples collected in February and April 2015 
failed to meet FDA Standard Limit for bi-
valves of 16 MPN/g (12.5% from Pamarawan, 
Eastern Bulacan and 5% from Bucana, Cavite), 
while 30% of the mussel samples collected had 
E. coli levels greater than 16 MPN/g (5% from 
Binuangan, Eastern Bulacan, 12.5% from San 
Roque, Western Bulacan, 10% from Samal, 
Northern Bataan, and 2.5% from Bacoor Bay, 
Cavite (Fig. 5.19 & 5.21). E. coli levels in the 
samples collected in February and April 2015 
ranged from <3 MPN/g to 1,100 MPN/g with 
the maximum value noted in oyster samples 
from Pamarawan, Eastern Bulacan where five 
out of five samples exceeded FDA Standard 
Limit for bivalves.
DISCUSSION
Seasonal and spatial distribution of coliform 
bacteria in pond water and water sources
 Several factors such as rainfall, popu-
lation, livestock, pets, presence of waterfowls, 
and other aquaculture practices affect the con-
centration of these microorganisms (Oram, 
2014).  
 
 Lower levels of total coliform, fecal co-
liform, and E. coli observed during the months 
of February and April 2015 (dry season) com-
pared to September and November 2014
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Figure 5.14. E. coli levels in crab samples collected from aquaculture farms along Manila Bay in September 
         and November 2014.  
Figure 5.15. E. coli levels in crab samples collected from aquaculture farms along Manila Bay in February   
        and April 2014.  
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Figure 5.16. E. coli levels in shrimp samples collected from aquaculture farms along Manila Bay in September 
        and November 2014.  
Figure 5.17. E. coli levels in shrimp samples collected from aquaculture farms along Manila Bay in February  
        and April 2014.  
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Figure 5.18. E. coli levels in oyster samples collected from aquaculture farms along Manila Bay in September 
        and November 2014.  
Figure 5.19. E. coli levels in oyster samples collected from aquaculture farms along Manila Bay in February  
        and April 2014.  
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Figure 5.20. E. coli levels in mussel samples collected from aquaculture farms along Manila Bay in September  
        and November 2014.  
Figure 5.21. E. coli levels in mussel samples collected from aquaculture farms along Manila Bay in February  
        and April 2014.  
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(wet season) may be attributed to the dif-
ferences in rainfall. Average rainfall in the 
sampled provinces during the wet season 
(233.5375) is 16.45 times greater than that of 
the dry season (13.5875). Rainfall causes non-
point sources of pollution, like surface runoffs 
that carry contaminants, which include sed-
iments, nutrients, bacteria from animal and 
human wastes, pesticides, metals, and petro-
leum by-products from the land (USGS, 2015; 
US EPA, 2016).
 Although with some inconsistencies, 
data on livestock and poultry, pets, and wa-
terfowls – presence and number – from a 
separate study on aquaculture activities and 
anthropogenic activities in the aquaculture 
farms simultaneously conducted by the team 
(Chapter 2)– associate with the data on the to-
tal coliform, fecal coliform, and E. coli levels 
in the aquaculture farms; sites with a relative-
ly higher concentration of these microorgan-
isms also had a relatively higher number of 
livestock and poultry, pets, and waterfowls. 
This may be due to the fact that total coliform, 
fecal coliform, and E. coli are found in the in-
testines and feces of warm-blooded animals, 
such as pets, livestock, poultry, wild animals, 
and humans (Washington State Department 
of Health, 2011; Meals et al, 2013).
 It was also observed that aquaculture 
farms less than 10 meters from the residential 
area had relatively high coliform concentra-
tions. The distance of the ponds to the resi-
dential areas might be a factor for the levels 
of microorganisms in the ponds since surface 
runoffs may collect contaminants from resi-
dential areas through faulty or not properly 
maintained septic tanks, pet droppings, and 
other wastes (Harvey, 2016).
 Some of the aquaculture farms that 
performed liming, pond drying, removal of 
waste, and disinfection had relatively lower
coliform concentrations compared to those 
that did not employ these activities. Aqua-
culture farms that used urea (46-0-0) and 
complete (14-14-14) fertilizers had relatively 
higher coliform levels compared to those that 
utilize chicken manure, which unexpectedly 
had relatively lower coliform concentrations. 
The increase in the available nutrients in the 
aquaculture farms owing to the application 
of fertilizers, may have favored the growth of 
bacteria. This is supported by the studies of 
Baluyut (1989) and Stander (2012) where they 
had mentioned that liming, pond drying, re-
moval of waste, and disinfection eradicated 
unwanted or wild species along with undesir-
able microorganisms, while fertilization stim-
ulated and maintained growth of natural food.
 Among the aquaculture farms that ad-
ministered the following feeding materials: 
lablab, lumot, low value feed, commercial feed, 
bread, and surface plankton; those that utilize 
natural food – lablab and lumot – had a low-
er coliform bacterial content as compared to 
those that utilized bread. This maybe because 
the broadcasting of bread in the pond attracts 
wild bird species and water fowls; and where 
waterfowls and birds flock, fecal coliform 
counts can surge. Data on the use of low value 
feed, commercial feed, and surface plankton 
did not correlate with the data on the coliform 
levels in the ponds.
 As can be observed in the maps, high-
est total coliform, fecal coliform, and E. coli lev-
els in the aquaculture farms and coastal areas 
were noted mostly in Pampanga and Cavite. 
This may be caused by the differences in the 
spatial segregation of the blocks. Pampanga 
River, the major river system of the Pampan-
ga province, had failed the standards for DO 
and BOD of 5mg/L and 10mg/L, respectively, 
in all sampling stations as reported in the Ma-
nila Bay Atlas in 2007. Dissolved oxygen (DO) 
is oxygen dissolved in water. It is necessary
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for the sustenance of fish life and other aquat-
ic organisms. Low DO suggests incapacity 
to harbor life (Lee, 2005). On the other hand, 
BOD or biological oxygen demand represents 
the amount of oxygen (mg/L) needed by bac-
teria and other microorganisms to oxidize or-
ganic matter in an area; higher BOD means 
lower available oxygen for aquatic organisms 
(Palanna, 2009). The Angat River, which pass-
es through NCR merges with the Pampanga 
River before discharging into the bay. This 
means that possible pollutants picked up by 
the Angat River will add to what is already 
present in the Pampanga River. Furthermore, 
upland Pampanga has the highest agricultur-
al and fishpond areas. Agriculture runoff is 
considered a non-point source of pollution 
and a major contributor of contamination (US 
EPA, 2012).
 It is interesting that Cavite, which is 
located south of Manila Bay where the bay 
connects to the sea and contamination is sup-
posedly minimal, was observed to have the 
highest bacterial levels. This may be attributed 
to the fact that Cavite has the highest popula-
tion and most built-up areas among the coast-
al provinces of the bay (PSA, 2010; Manila 
Bay Atlas, 2007).  The increasing population 
and urbanization in the province increases the 
nonpoint sources of pollution such as urban 
runoffs, which are usually contaminated with 
organic matter and bacteria, among other 
pollutants. In addition, urbanization also in-
creases combined sewer flow, which may also 
cause contamination (US EPA, 1980).
Seasonal distribution of coliform bacteria in 
farmed fishery resources
 E. coli levels in farmed fishery resourc-
es were higher during the dry season, with 
the exception of crab and milkfish.  Escherichia 
coli is a typical mesophile, which grows op-
timally at 39°C with a minimum of 8°C and
a maximum of 40° (Madigan et al, 2012). This 
suggests that as the temperature increases, 
growth of E. coli is favored.
 The decrease in the E. coli levels in crab 
and milkfish samples during the dry season 
may be attributed to the E. coli levels in the wa-
ter column. Fish, being cold-blooded animals, 
cannot be a natural host to E. coli, as men-
tioned in the study of Apun et.al. (as cited in 
Barbosa et al, 2104). It only acquires the micro-
organisms when ingesting food contaminated 
with fecal matter and/or presence of E. coli in 
the water, which may enter the fish through 
ingestion and penetration through lacera-
tions (Zhuikov, 2008; Missouri Department 
of Natural Resources, 2014). This means that 
Escherichia coli level in fishery commodities is 
associated to the E. coli level in the water me-
dium; higher E. coli concentration in the wa-
ter may result in higher E. coli concentrations 
in the fishery commodities and vice versa.
 However, some aquaculture species 
do not have the ability to regulate their body 
temperature and are easily influenced by the 
temperature around them (Fishresearch.org, 
2009). This means that as the temperature 
of the medium increases, the temperature of 
their body also increases, which in turn causes 
an increase in their E. coli levels during warm-
er temperatures (dry season) as was demon-
strated by the increase in the number of sam-
ples that failed to meet the standard limits 
during the dry season.
CONCLUSION
 Total coliform, fecal coliform, and E. 
coli in water tended to increase in the wet sea-
son, their approximate average concentrations 
during the study being 8,747 MPN/100mL, 
2,808 MPN/100mL, and 1,216 MPN/100mL, 
respectively. Those in the dry were lower at 
122
Contamination of Coliform Bacteria in Water and Fishery
Resources in Manila Bay Aquaculture Farms
around 6,255 MPN/100mL, 1,223 MP-
N/100mL, and 286 MPN/100mL, respective-
ly. More water samples tended to exceed the 
DENR Standard Limit for Total Coliform of 
5,000 MPN/100mL in the wet season than in 
the dry season (roughly 25 vs. 10%). Farmed 
fishery resources, on the other hand, were 
more contaminated in the dry season favored 
by the warmer temperature. The following are 
the rough percentages of exceedance of the 
FDA standard limits in decreasing order: 25% 
of the mussel samples, 24% of shrimp, 16% of 
tilapia, 14.67% of oyster, 8.89% of crab, and 
6.6% of the milkfish.
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